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Abstract 
Fluoride is an element that affects teeth and bone formation in animals and 
humans. Though the use of systemic fluoride is an evidence-based caries 
preventive measure, excessive ingestion can impair tooth development, mainly the 
mineralization of tooth enamel, leading to a condition known as enamel fluorosis. 
In this study, we investigated the geochemical characterization of fluoride in water, 
table salt, active sediment, rock and soil samples in four endemic enamel fluorosis 
sentinel municipalities of the department of Huila, Colombia (Pitalito, Altamira, El 
Agrado and Rivera) and its possible relationship with the prevalence of enamel 
fluorosis in children. The concentration of fluoride in drinking water, table salt, 
active sediment, rock and soil was evaluated by means of an ion selective electrode 
and the geochemical analyses were performed using X-Ray fluorescence. 
Geochemical analysis revealed fluoride concentrations under 15 mg/kg in active 
sediment, rock and soil samples, not indicative of a significant delivery to the 
watersheds studied. The concentration of fluoride in table salt was found to be 
under the inferior limit (less than 180 µg/g) established by the Colombian 
regulations. Likewise, exposure doses for fluoride water intake did not exceed the 
recommended total dose for all ages from 6 months. Although the evidence does 
not point out at rocks, soils, fluoride-bearing minerals, fluoridated salt and water, 
the hypothesis of these elements as responsible of the current prevalence of enamel 
fluorosis cannot be discarded since, aqueducts might have undergone significant 
changes overtime.  
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Introduction 
In Colombia the monitoring of fluoride concentrations in water is performed by 
sentinel surveillance. During one monitoring period (2012-2014) there was 
evidence of fluoride levels above 1 mg/L in 13 different regions. Among those, the 
departments of Huila (southwest) and Casanare (east) reported concentrations 
between 1.10 and 3.99 mg/L of fluoride. The situation in the department of Huila 
and its municipalities has been cause for concern, since there are reports of both 
high fluoride levels in drinking water and a high prevalence of enamel fluorosis 
(Servicio Geológico Colombiano, 2011). 
 
The ingestion of fluoride above “optimal” levels (>0.07 mg F/kg/day) during tooth 
formation can induce a developmental defect of the enamel known as enamel 
fluorosis. Fluorosed enamel is more porous than sound enamel (Fejerskov et al, 
1994) and there is in vitro evidence suggesting that fluorosed enamel increases the 
risk of developing dental caries lesions (Marin et al, 2016). Furthermore, enamel 
fluorosis is considered as a public health problem, with biological, aesthetic and 
clinical consequences for the individual, though no consensus has been reached 
among the scientific community (Fejerskov et al, 1994; Suma et al, 2008). 
 
The department of Huila is in the southwest part of the country, in the middle of 
the central and east branches of the Colombian Andes. It has latitude varying from 
01°30’04’’ N (La Fragua Peaks) to 03°55’12’’ N (Riachón River headwaters) and 
from 74°25’24’’ W (Las Oseras peak) to 76°35’16’’ W (Las Papas alpine tundra). 
The department has an extension of 19.890 Km2, 1.74% of Colombia’s total 
extension. It also has a high geo-diversity, given the origin of the Andean 
branches: volcanic for the central branch with igneous rocks predominance; 
tectonic for the east branch with sedimentary rocks predominance. Three different 
physiographic regions can be distinguished as one) the Central Branch and the 
Colombian Massif, which joints the eastern foothills and the central region of the 
Department with the mountainous area of Las Minas; 2) the Magdalena Valley, 
which divides the department from southeast to northeast and 3) the East Branch, 
which includes the West Foothills and the Garzón Massif (IGAC, 2008). 
 
In nature, fluorine occurs in interstratified pure minerals or as an impurity in other 
minerals. Fluorite, apatite, cryolite and lepidolite are fluorine-rich minerals. Other 
fluorine-bearing minerals are basalt, andesite, fluorite, gabbro, diabase, dolomite 
and argillite (Frankenberg et al, 1996). Fluorine associates with other elements, in 
particular geological environments. There are four major deposits of fluorine in 
nature: 1) igneous rocks (disseminated deposits, pegmatite deposits, carbonatite 
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and contact aureole deposits); 2) sedimentary rocks (lacustrine deposits, evaporite, 
marine carbonates and phosphate rock); 3) regional metamorphic rocks, and 4) 
hydrothermal fluorite deposits (deposits in veins, mantles, trellises and alteration 
zones) (Clavijo and Ballesteros, 1987). These nature deposits can be measured in 
rock, soil and active sediment samples. Active sediment corresponds to sediments 
that have been dragged off from high parts of the mountains to the riverbeds by 
water runoff and are deposited at the edge of the tributaries. In the department of 
Huila pure fluorine-bearing minerals have been found in different environments 
(Velandia et al, 2001).  
The Pan-American Health Organization (PAHO) recommends the performance of 
epidemiological sentinel surveillance (OPS/OMS, 1995). In the department of 
Huila there is a lack of consistency between fluoride concentrations in watersheds, 
drinking water, table salt and the prevalence of enamel fluorosis. In this case, 
sentinel surveillance might help in the determination of the relationship between 
enamel fluorosis, caries, and fluoride in the environment.  
 
The aim of this study was to perform geochemical characterization of fluoride in 
water, table salt, active sediment, rock and soil samples in four endemic enamel 
fluorosis sentinel municipalities of the department of Huila, in Colombia (Pitalito, 
Altamira, El Agrado and Rivera). Furthermore, we evaluated the possible 
relationship between fluoride content in these sources and the prevalence of the 
enamel-developed defect enamel fluorosis, in children from those communities.  
 
 
Material and methods 
 
This study is part of the multi-disciplinary project entitled “Model of 
environmental, epidemiological, clinical, histological and inorganic 
characterization of enamel fluorosis in Children” with Ethical Board approval from 
Universidad El Bosque (UEB 005-2012).  
 
Study Sites 
 
The study sites included four sentinel municipalities in the Department of Huila 
(Colombia) Pitalito, Altamira, El Agrado and Rivera, selected based on 
documented enamel fluorosis prevalence in children (Jiménez et al, 2006; 
Montaña-Mesa, 2008; Tellez et al, 2012). The municipality of Pitalito is located in 
the south of Huila, has an altitude of 1300 m asl, average temperature of 24°C, an 
extension of 666 Km2 and approximately 109 thousand inhabitants, 60% of them 
living in the urban areas (Alcaldía de Pitalito, 2016). The municipalities of 
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Altamira, El Agrado and Rivera are located in the center of the department. 
Altamira has an altitude of 1079 m asl, average temperature of 23°C and an 
extension of 118.18 Km2, with approximately three thousand six hundred 
inhabitants (Alcaldía de Altamira, 2016). The municipality of El Agrado has an 
altitude of 907 m asl, an average temperature of 24°C and eight thousand five 
hundred inhabitants (Alcaldía de El Agrado, 2016). The municipality of Rivera is 
also located in the center, but in northeast direction, at 700 m asl with three 
varieties of climate: warm, temperate and cold. Its extension is 435 Km2 and the 
estimated population is fourteen thousand one hundred inhabitants (Alcaldía de 
Rivera, 2016) (Figure 1). 
 
Geochemical characterization of fluoride 
 
We followed the protocols reported by Zinck (2012), the Colombian Geology and 
Mining Institute (Velandia et al, 2001; Rojas et al, 2010) and the Agustín Coddazi 
Geographic Institute (IGAC, 1994) for the regional geologic recognition, 
geological and geomorphological characterization and field sampling, respectively. 
In each site, soil samples of horizons A (surface), B (subsoil) and C (substratum) 
were taken, as well as rocks, water and active sediment. Samples were taken by 
duplicate. Each sample was packed and marked as stated by the protocols 
mentioned above. 
 
Guachicos river (Pitalito), Perica creek (Altamira), Mosca creek (El Agrado) and 
Negro river (Rivera) were identified as the main micro-basins from the water 
supply systems of the four sentinel municipalities. The areas were subdivided for 
sampling purposes, as follows (Figure 1): 
• Upper basin: from the headwaters supplying the river network up to a third 
of the total riverbed length. 
• Middle basin: sample taken from approximately the middle third of the 
riverbed or after encounter with a tributary along the course of the basin. 
• Lower basin: before the water-treatment plant water intake. 
• Additionally, water samples from the urban network’s check points 
established by each municipality’s sanitary office were taken, following the 
protocol established by the regulatory authorities (NTC/ISO 5667-1 
ICONTEC, 1995). 
 
Figure 1. Geographical location of sampling sites – Department of Huila – 
Colombia. 
 
Exploratory geochemical analyses by means of X-Ray fluorescence were 
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conducted to identify major mineral groups in active sediment, rock and soil 
samples. 
 
Quantification of fluoride in water, table salt, active sediment, rock and soil was 
performed using the fluoride-selective electrode method (Thomas et al, 1997; 
Martínez-Mier et al, 2009; APHA, 2012). Fluoride concentration in table salt was 
evaluated in 84 samples, distributed as follows: Pitalito (n=38), Altamira (n=10), 
El Agrado (n=16) and Rivera (n=20). Fluoride in salt and water samples was 
determined by duplicate in the Fluoride Laboratory of the Oral Health Research 
Unit (OHRI) at the Indiana University School of Dentistry in Indianapolis, IN, 
USA. Other samples were analyzed at the Alpha Laboratory in the city of Bogota, 
Colombia (NIT 900196109-1). 
 
Determination of the prevalence of enamel fluorosis in children from the four 
municipalities  
 
In total, 840 children from two age groups (3-7 and 9-14 years-old) from the four 
municipalities were examined using the TF Index (Thylstrup and Fejerskov, 1978). 
The index discriminates among absence (TFI-0) and presence of the condition 
(TFI-1 to TFI-9), classifying enamel fluorosis according to its severity in mild 
(TFI-1 to TFI-2), moderate (TFI-3 to TFI-4), and severe (TFI-5 to TFI-9) 
(Thylstrup and Fejerskov, 1978). 
 
 
Determination of water ingestion exposure dose (IDag) 
 
The water ingestion exposure doses (IDag) were assessed taking into account the 
fluoride recommended total optimal daily dose (<0.05 mg/kg/day). It was 
calculated as follows (ATSDR, 2005):  
 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐶𝐶 𝑥𝑥 𝐼𝐼𝐼𝐼 𝑥𝑥 𝐸𝐸𝐸𝐸
𝐵𝐵𝐵𝐵
 
where 
C = contaminant concentration (mg/L)  
IR = intake rate of contaminated medium (L/day) (It was worked with an standard 
value of 1 L/day for children)EF = exposure factor (It was worked with a value of 
1 representing a daily exposure to the contaminant) 
BW = body weight (kg) (The average body weight was determined in 20 kg for 
preschoolers and 40 kg for schoolchildren). 
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Statistical analyses 
 
The range of water, table salt, active sediment, rock and soil fluoride 
concentrations was calculated for samples from each municipality. Mean and 
standard deviation were also calculated. Correlation analysis and ANOVA test 
were performed between the different age groups for exposure dose (p≤0.05). 
 
 
Results 
 
Geochemical characterization of fluoride 
 
The fluoride analyses performed in all samples of water obtained from water 
tributaries (Table 1), soil, rocks, and active sediments through the fluoride-
selective electrode indicated that concentrations of the ion were below 15 mg/kg in 
the four sentinel municipalities. These results were further confirmed by the X-ray 
fluorescence’s finding of a lack of pure fluorine minerals in the analyzed samples 
(active sediment, rock and soil from A, B and C horizons) (Table 2). 
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Table 1. Fluoride concentration in water obtained from water tributaries.   
Municipality 
 
 
Characteristic 
Pitalito samples Altamira samples El Agrado samples Rivera samples 
Sample 
code 1-A1 1-A2 1-A3 1-A4 1-A5 1-A6 2-A1 2-A2 2-A3 2-A4 3-A1 3-A2 3-A3 3-A4 4-A1 4-A2 4-A3 4-A4 
Location El Cedro creek 
Lower 
basin 
Guachicos 
creek  
Lower 
basin El 
Cedro 
creek  
lower basin 
Guachicos 
river  
Water 
system 
check-
points 
Guachicos 
creek 
Lower 
basin El 
Cedro 
creek  
Upper 
basin La 
Perica 
creek  
Middle 
basin El 
Cedro 
creek  
Water 
system 
check-
points 
El Agrado 
creek 
El Pescado 
creek 
La Mosca 
creek 
Water 
syste
m 
check-
points 
Upper 
basin 
Negro river  
Middle part 
Negro river  
Middle 
basin 
Negro river  
Water 
system 
check-
points 
Latitude N: 01°41'58,8''; W: 76°11'26,7'' 
N: 01°46'55,8''; 
W: 76°09'57,9'' 
N: 01°46'18,2''; 
W: 76°10'16,9'' 
, N: 01°47'23,2''; 
W: 76°09'17,0'' INA 
N: 01°45'57,7''; 
W: 76°12'19,0'' 
N: 01°56'24,8''; 
W: 75°42'45,4'' 
N: 01°55'06,9''; 
W: 75°41'48,9'' 
N: 01°56'06,0''; 
W: 75°42'47,1'' INA 
N: 02°18'30,6''; 
W: 75°48'08,6'' 
N: 02°12'53,3''; 
W: 75°50'34,4'' 
N: 02°13'22,0''; 
W: 75°50'04,3'' INA 
N: 02°44'47,9''; 
W: 75°12'37,1'' 
N: 02°44'54,2''; 
W: 75°12'44,5'' 
N: 02°44'54,2''; 
W: 75°12'44,5'' INA 
Altitude 
(m asl) 1766 1423 1450 1396 INA 1572 1213 1809 1307 INA 1321 1116 1120 INA 1197 1218 1218 INA 
µg F/mL 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.5 0.3 0.2 0.1 0.9 0.1 0.9 0.7 0.7 0.7 0.7 
INA: information not available 
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Table 2. Geochemical characterization of fluoride in active sediment, rock and soil from A, B and C horizons samples obtained from 
the four Huila-sentinel municipalities.   
Sample 
 
 
Characteristic 
Soil samples Active sediment samples Rock samples 
Municipality Pitalito Altamira Rivera Pitalito Altamira  
El 
Agrado Rivera Pitalito Altamira El Agrado Rivera  
Location El Cedro creek 
El Cedro 
creek 
Lower 
basin Gua-
chicos 
river  
Lower 
basin El 
Cedro 
creek  
Middle 
basin El 
Cedro 
creek  
Middle 
basin El 
Cedro 
creek  
Upper 
basin 
Negro 
river  
Lower 
bassin 
Negro 
river  
Lower 
bassin 
Negro 
river  
Upper 
basin 
Negro 
river  
El Cedro 
creek 
Lower 
basin 
Gua-
chicos 
creek  
lLwer 
basin 
Gua-
chicos 
creek  
Lower 
basin 
Gua-
chicos 
river  
Lower 
basin El 
Cedro 
creek 
Middle 
basin El 
Cedro 
creek  
El 
Pescado 
creek 
Upper 
basin 
Negro 
river  
Middle 
basin 
Negro 
river  
Gua-
chicos 
creek 
Lower 
basin 
Gua-
chicos 
river  
El Cedro 
creek 
Middle 
basin El 
Cedro 
creek  
Upper 
basin La 
Perica 
creek  
Lower 
basin El 
Cedro 
creek  
La 
Mosca 
creek 
El 
Agrado 
creek 
El 
Pescado 
creek 
Upper 
basin 
Negro 
river  
Lower 
bassin 
Negro 
river  
Latitude 
N: 01° 
41'58,8'';  
W: 76° 
11'26,7'' 
N: 01° 
41'58,8'';  
W: 76° 
11'26,7'' 
N: 01° 
47'23,2''; 
 W: 76° 
09'17,0'' 
N: 01° 
56'24,8'';  
W: 75° 
42'45,4'' 
N: 01° 
56'06,0''; 
W: 75° 
42'47,1'' 
N: 01° 
56'06,0''; 
W: 75° 
42'47,1'' 
N: 02° 
44'47,9''; 
W: 75° 
12'37,1'' 
INA INA 
N: 02° 
44'47,9'';  
W: 75° 
12'37,1'' 
N: 01° 
41'58,8'';  
W: 76° 
11'26,7'' 
N: 01° 
46'55,8'';  
W: 76° 
09'57,9'' 
N: 01° 
46'55,8'';  
W: 76° 
09'57,9'' 
N: 01° 
47'23,2'';  
W: 76° 
09'17,0'' 
N: 01° 
56'24,8''; 
W: 75° 
42'45,4'' 
N: 01° 
56'06,0''; 
W: 75° 
42'47,1'' 
N: 02° 
12'53,3''; 
W: 75° 
50'34,4'' 
N: 02° 
44'47,9''; 
W: 75° 
12'37,1'' 
N: 02° 
44'54,2'';  
W: 75° 
12'44,5'' 
N: 01° 
45'57,7''; 
W: 76° 
12'19,0'' 
N: 01° 
47'23,2'';  
W: 76° 
09'17,0'' 
N: 01° 
41'58,8''; 
W: 76° 
11'26,7'' 
N: 01° 
56'06,0''; 
W: 75° 
42'47,1'' 
N: 01° 
55'06,9''; 
W: 75° 
41'48,9'' 
N: 01° 
56'24,8''; 
W: 75° 
42'45,4'' 
N: 02° 
13'22,0''; 
W: 75° 
50'04,3'' 
N: 02° 
18'30,6''; 
W: 75° 
48'08,6'' 
N: 02° 
12'53,3''; 
W: 75° 
50'34,4'' 
N: 02° 
44'47,9''; 
W: 75° 
12'37,1'' 
INA 
Altitude 1766 1766 1396 1213 1307 1307 1197 1218 1218 1197 1766 1423 1423 1396 1213 1307 1116 1197 1218 1572 1396 1766 1307 1809 1213 1120 1321 1116 1197 1218 
Sample 
1.1-HA 1.2-HC 1.3-HB 2.1-HA 2.2-HB 2.3-HB 4.1-HB 4.2-HB 4.3-HC 4.4-HC 1.4 1.5 1.6 1.7 2.4 2.5 3.1 4.5 4.6 1.8 1.9 1.10 2.6 2.7 2.8 3.2 3.3 3.4 4.7 4.8 
Element 
Na2O 1 2.3 1.5 2.5 2.7 2.8 2.9 2.3 2.5 2.5 2.2 2.7 3.2 2.9 0.5 0.7 2.9 3.4 3.4 3.5 3.8 3.9 3.5 2.1 3.1 3.1 2.1 3.5 3.7 3.4 
MgO 0.8 0.4 1 2.1 2.3 2.1 2.5 1.2 1.1 2.7 0.5 0.7 0.5 0.6 2.1 2 1.1 0.7 0.8 1 0.9 1.5 1.7 2.1 1.5 1.5 0.5 1.4 2.1 1.4 
Al2O3 13.5 18.3 15.9 13.1 14.8 14.1 16 16.2 15.2 15.6 13.8 12.7 13.9 14.2 15.8 12 14.1 13.8 13.7 14.5 13.9 15.5 14.4 13.6 14.3 13.3 16.3 14.3 13.8 13.2 
SiO2 67.6 66 63.7 60.6 60.5 64.8 57.3 65.1 67.3 57.3 73.9 74.5 72.5 71.8 58 66.6 70.8 72.1 72.4 71.5 71.5 66.5 67.8 65.8 64.7 68.9 70.7 66.7 68.4 71.4 
P2O5 0.2 0.1 0.2 0.4 0.5 0.3 0.9 0.2 0.2 0.9 0.1 0.1 0.1 0.1 0.4 0.3 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.2 0.4 0.3 0 0.2 0.4 0.2 
SO3 0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 0.1 0.1 <0.1 <0.1 - <0.1 <0.1 0.1 
K2O 2.8 4.5 2.7 2.3 1.7 2.4 1.7 2.7 3.2 1.7 4.1 3.2 3.9 3.5 2.1 3 3.3 4.2 4.2 2.6 3.2 3.5 2.9 2.6 2.8 2.9 3.7 3 2.8 3.3 
CaO 0.9 0.3 1.1 4.6 4.9 3.6 5.4 2.6 2.4 6.5 0.6 1.1 1.1 1.2 1.7 1.6 1.4 1.9 1.9 1.5 1.7 1.7 3.2 3.6 4.1 2.4 0.2 3.3 2.7 2.6 
TiO2 0.7 0.4 0.6 0.6 0.8 0.6 1.2 0.7 0.5 1.3 0.4 0.4 0.4 0.4 0.9 0.8 0.4 0.3 0.2 0.4 0.4 0.6 0.5 0.5 0.9 0.6 0.4 0.5 0.5 0.4 
MnO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 <0.1 0.1 <0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Fe2O3 3.7 2.3 5.7 5.3 7.7 5.8 8.4 4.3 3.7 8.5 2.1 3.1 2.6 2.8 11.7 8.9 3.6 2.2 2 3.2 3.1 4.4 4.7 7.6 6.8 5.3 3.5 4.1 4 3 
ZnO <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Rb2O <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
SrO <0.1 <0.1 <0.1 0.1 0.1 <0.1 0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
ZrO2 0.1 <0.1 <0.1 - - <0.1 <0.1 0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
BaO 0.1 0.1 0.1 0.1 0 0.1 <0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 0.1 0.1 0.1 <0.1 <0.1 0.1 0.1 
PbO - <0.1 <0.1 - - - - - - - - - - - - - <0.1 - - 0 0 - - - - <0.1 - - - - 
LOI 8.3 5.2 7.1 8.3 3.8 3.2 3.4 4.4 3.5 2.7 2 1.4 1.5 2.1 6.3 3.7 1.9 1 0.9 1.4 1.1 1.9 1 1.6 0.8 1.2 2.5 2.7 1.4 0.8 
Cl <0.1 <0.1 - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
V2O5 - - - - - - - - - - - - - - <0.1 <0.1 - - - - - - - - - - - - - - 
Cr2O3 - - - - - - - - - - - - - - <0.1 <0.1 - - - - - - - - - - - - - - 
NiO - - - - - - - - - - - - - - <0.1 - - - - - - - - - - - - - - - 
CuO - - - - - - - - - - - - - - <0.1 <0.1 - - - - - - - - - - - - - - 
INA: information not available 
 
10 
 
Exploratory mineralogical and geomorphology analysis. 
 
- Pitalito 
 
Guachicos River (formed by El Cedro and Guachicos creeks) supplies water to 
Pitalito’s urban drinking water system. Our observations and samples collected in 
the field, allowed the geomorphological characterization of the micro-basin of 
Guachicos River, which has a mountain landscape and a topographical relief of 
fans and hills. It was also observed that the basin is highly intervened with crops 
and grazing areas very close to the riverbed. Given the geological characterization 
of the soil, we concluded that they evolved from fluvial-glacial deposits with 
influence of volcanic ashes. 
 
Based on the classification proposed by Velandia et al (2001), we identified four 
geological formations in the micro-basin of Guachicos River: 1) Alluvial 
processes, terraces, colluviums, fluvial-lacustrine deposits, mud influx, recent 
alluvial fans from the late Quaternary period; 2) granitoid of Sombrerillos from the 
Jurassic period, 3) Saldaña formation, tuffs made from volcanic ashes and lapilli, 
agglomerates and lava, intercalated lithic arenites, litholites and limestones, 
andesite-dacite porphyry from the Jurassic period and 4) accumulation of 
granadillo, mudstone and limestone from the Paleozoic period. 
 
In the lower part of the watershed, where El Cedro and Guachicos creeks merge to 
form the Guachicos River, we found that the fluoride content was 0.381 ± 0.002 
mg/L. The concentration was found to be lower in the samples taken from the 
water system’s checkpoints, down to 0.129 ± 0.010 mg/L. 
 
- Altamira 
 
The micro basin that supplies water to the Altamira municipality receives water 
from three streams: La Perica, La Cerinda, and El Cedro. Water is taken from the 
latter to supply the local water treatment plant. During our visit to the area, we 
noticed a negative environmental impact in the upper part of El Cedro basin, 
probably due to uncontrolled expansion of the agricultural frontier. La Perica creek 
exhibits a mountainous landscape, full of hills and escarpments. By the geological 
characterization, we infer that the soils of this basin evolved from igneous-
metamorphic rock debris. Nevertheless, due to transitions to a hilly landscape, 
changes in the geomorphological conditions take place on El Cedro creek, after La 
Perica and La Cerinda streams merge. We also noticed that soils developed from 
conglomeratic sandstones, alternating with shales and arcillolites. 
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We identified the following geological formations: a) deposits of alluvial 
processes, terraces, colluviums, mudflows, quaternary deposits; and b) Guapotón 
soils, migmatites, granulites, granites, quartzite and marbles from the pre-
Cambrian period (Velandia et al, 2001). 
On La Perica creek, we found a fluoride concentration of 0.199 ± 0.004 mg/L. The 
concentration of samples taken from the urban water supply system was similar to 
the one found on that stream, with a value of 0.197 ± 0.003 mg/L. 
 
- El Agrado 
 
La Mosca micro-basin is formed by El Agrado and El Pescado creeks. This basin is 
characterized by a hilly landscape. For this basin, a geomorphologic analysis 
shows that soils evolved from conglomerated sandstones and alternating 
sedimentary materials with shales and arcillolites. 
 
Based on field data, we identified the following geological formations: a) deposits 
of alluvial processes, terraces, colluvium, mudflows, quaternary deposits; b) Honda 
group formed by sandstones with intercalations of arcillolites and polymictic 
conglomerates of the Neogene period; c) Doima formation, which has layers of 
conglomerates with intercalations of sandstones, limolites and arcillolites of the 
Placogenic period; d) monzodiorite from the Jurassic period and the Saldaña 
formation, consisting of ash, agglomerates and lavas, with occasional intercalations 
of lytic sandstones, limolites, limestones, and Jurassic andesitic porphyries 
(Velandia et al, 2001). 
 
Despite the difficult conditions of the terrain, this basin exhibited moderate to high 
human intervention, mainly due to coffee crops on the upper side, impacting 
downstream hydrology. 
 
The lowest fluoride concentrations were found on La Mosca creek, with values of 
0.027 ± 0.000 mg/L. Drinking water exhibited fluoride concentrations of 0.218 ± 
0.005 mg/L. 
 
-  Rivera 
 
Negro river supplies water to the drinking water supply system of the Rivera 
municipality. Some areas of the basin are well preserved; however, agricultural 
activities with intense use of pesticides near the riverbed continue to increase. 
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Negro river geomorphology is characterized as a hilly landscape. The soils of this 
basin have developed from conglomeratic sandstones, alternated with shales and 
arcillolites. The geological formations identified in the Negro river basin are: a) 
alluvial deposits, terraces, colluvium, fluvial deposits, mudflows from the 
Quaternary period; b) monzogranite of Algeciras from the Jurassic period 
(Velandia et al, 2001). 
 
A fluoride concentration of 0.659 ± 0.009 mg/L was measured at the water 
treatment plan inlet tank, reaching values of 0.925 ± 0.000 mg/L at checkpoints, 
turning into the highest levels among the four municipalities. 
 
Prevalence of enamel fluorosis in children from the four Huila municipalities 
 
A total of 840 children between 3-14 years of age were clinically examined using 
the TF Index (Table 3). The prevalence of fluorosis was 98.2%. In the four 
municipalities, the most frequent severity was moderate (70%). Severe fluorosis 
was evident in approximately one fifth of the children in each municipality: 
Altamira (29.1%), Rivera (24.1%), Pitalito (21.3%), and El Agrado (16.4%) 
(Figure 2). 
 
 
Table 3. Prevalence of enamel fluorosis in children from the four Huila 
municipalities (n=840). 
  
    
Municipality 
Presence of 
fluorosis Total number of 
children examined 
No Yes 
Pitalito 9 374 383 
Altamira 1 103 104 
El Agrado 4 153 157 
Rivera 1 195 196 
Total 15 825 840 
 
Figure 2. Enamel fluorosis severity in children from each of the four Huila 
municipalities. 
 
When examining fluorosis severity by age group, mild fluorosis was most common 
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among preschoolers, while severe fluorosis was most common among 
schoolchildren (Figure 3). 
 
 
Figure 3. Enamel fluorosis severity by age group in children from each of the four 
Huila municipalities. 
 
Water Ingestion Exposure Dose (IDag) 
 
The water ingestion exposure doses from checkpoint samples were found to be 
lower than the recommended total optimal daily dose (<0.05 mg/kg/day) for all 
ages from 6 months (ATSDR, 2003) in the four municipalities (Table 4). 
 
Table 4. Average fluoride water ingestion exposure dose (IDag) from water-supply 
checkpoints in the four municipalities by age group. 
              
Municipality 
Fluoride concentration 
(mg/L)        (Mean ± 
SD) 
Preschoolers IDag 
(mg/kg/day) (Mean 
± SD) 
Schoolchildren IDag 
(mg/kg/day) (Mean ± SD) 
Pitalito 0.264 ± 0.213 0.013 ± 0.011 0.007 ± 0.005 
Altamira 0.191 ± 0.009 0.010 ± 0.000 0.005 ± 0.000 
El Agrado 0.145 ± 0.221 0.007 ± 0.011 0.004 ± 0.006 
Rivera 0.772 ± 0.120 0.039 ± 0.006 0.019 ± 0.003 
 
 
As expected, there was a strong, statistically significant correlation (r=0.986, 
p<0.05) between average fluoride concentration in drinking water and average 
fluoride water ingestion exposure dose in preschoolers and schoolchildren (Table 
5). 
 
Table 5. Correlation between average fluoride concentration in drinking water and 
average fluoride water ingestion exposure dose by age group. 
 
      
Age group Correlation coeficient (r) 
Coefficient of 
determination (R2) ANOVA 
Preschoolers 0.986 0.971 P<0.05 
Schoolchildren 0.935 0.874 P>0.05 
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Fluoride concentration of table salt 
 
The average fluoride concentration of table salt collected in the four municipalities 
was under the lower limit (180-220 µg/g) established by the Colombian regulation 
(Ministerio de Salud, 1996) (Table 6). Since we were not able to determine the 
daily dose of table salt consumption, that exposure dose was not determined. 
 
Table 6. Average fluoride concentration (µg/g) in table salt samples from the four 
sentinel municipalities 
 
    
Municipality 
 
Fluoride 
concentration (µg/g)        
(Mean ± SD) 
Pitalito 158.920 16.570 
Altamira 171.850 21.556 
El Agrado 167.310 15.226 
Rivera 165.050 18.270 
 
 
Discussion 
 
The department of Huila (Colombia) has a high mineral and geological diversity 
due to the accumulation of materials from different events and geologic eras. In the 
analyzed samples, we found the following sediments: sandstones, claystone, 
conglomerates, materials of volcanic origin like ash and lapilli tuffs, lavas and 
agglomerates, granite, andesite and dacite materials, migmatites, granulites, neises, 
granites, quartzite, marbles and intercalated materials deposited by different 
processes. The Secretary of Mining and Agriculture from the department of Huila 
(2008) recognizes that there is an active exploitation of phosphoric rock and 
another (though less significant) exploitation of barite. These activities are 
responsible for 37% of the nation’s production and presumed to be a strong 
indicator of fluoride presence in the studied zone. 
 
As these municipalities are characterized by endemic fluorosis we were expecting 
that this could be currently disclosed in high levels of fluoride from different 
sources and thus be correlated. Usually only the fluoride levels in tap water from 
the aqueduct are reported. In this study we decided to further analyze the fluoride 
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content in tap water, water from different tributaries, table salt, and soil, rocks and 
active sediment. We took samples in both the rain and the dry season. We were 
expecting to have higher fluoride levels then reported. The fluoride analyses 
performed for the four sentinel municipalities for all soil, rocks and active 
sediment samples indicated that the fluoride concentrations were lower than 15 
mg/kg. This level was further confirmed by geochemical analysis by X-ray 
fluorescence (where there was a lack of evidence of fluorine pure minerals) (Table 
4). Chandi et al (2015) found the geochemical composition of the rocks to be only 
responsible for groundwater contamination. The results of the current study 
suggest that the delivery of fluoride to the watersheds is very unlikely, since 
normal fluoride concentrations in soil are within the range of 150 to 400 mg/kg 
(Blagojevich et al, 2002; Begum, 2012), and the concentrations found in this study 
were much lower. However, we observed that an external source of fluoride might 
be the fluoride-containing fertilizers that are being used for agricultural production 
within the area (Bombik, 2011).  
 
In addition, for the municipalities of Pitalito, Altamira, El Agrado and Rivera, the 
water current ingestion exposure dose did not exceed the recommended doses and 
thus a relationship between fluoride-dose and the high prevalence and severity of 
the developmental defect of enamel, namely enamel fluorosis could not be 
established. 
 
Conversely, Antonijevic et al (2015) found 11% of water samples with a fluoride 
concentration exceeding 1.5 mg/L and a correlation to fluorosis in schoolchildren. 
In this study, however, the hypothesis of cumulative exposure to fluoride in water 
and fluoridated table salt as a possible cause of enamel fluorosis cannot be 
discarded. It might be possible that fluoride exposure from water took place in 
conditions different to the ones found in this study and that children could have 
been exposed to toxic concentrations of fluoride during tooth development. 
Fluoride concentration from table salt in these municipalities was lower than 
national norm in all cases. This finding differed from a previous fluoride intake 
study in young children from four Colombian cities using the duplicate plate 
method where 86% of the samples were within or below the regulated fluoride 
concentration range (Franco et al, 2003), and to the findings by Ramirez et al. 
(2006) using a questionnaire, where 21% of samples were above the norm.  
 
If analyses of the current situation of geological factors, water, and concentration 
of fluoride in table salt did not show association with the prevalence of dental 
fluorosis found in these children, other risks factors need to be considered. For 
example, excessive salt consumption. The National Nutritional Status Survey in 
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Colombia reported from gastric cancer studies that in Colombia there is a high salt 
consumption (República de Colombia, 2009). From local studies of fluorosis, 
which considered risk factors based on questionnaires, a related high consumption 
of salt was found (Martignon et al., 2002; Arrieta-Vergara et al, 2009). But in the 
fluoride intake study in Colombia it was found that food accounted for only 24% 
of total fluoride intake, beverages to 6%, while fluoridated toothpaste (1000–1500 
ppm) accounted for 70% of total fluoride intake (Franco et al., 2005). Ingestion of 
fluoridated toothpaste in young children has been associated to the presence of 
fluorosis by means of questionnaire (Martignon et al, 2002; Arrieta-Vergara et al, 
2009; Misnaza-Castrillón, 2009). In the related-to-this epidemiological study 
preliminary results assessing knowledge, attitude and practices with a 
questionnaire to children parents show that parents of most children (70%) 
presenting with no dental fluorosis considered that the purpose of the fluoridated 
toothpaste is the prevention of caries vs. having white teeth, fresh breath, others or 
not knowing (Martignon et al., 2016). Other relevant aspect is that more than half 
(56%) of parents reported that their children swallowed the toothpaste in the first 
five years of life. But this cannot explain the prevalence of fluorosis higher than 
90% in the examined population. Malnutrition has also been associated on 
questionnaires to the presence of fluorosis (Ramos-Martínez et al, 2010), but in the 
simultaneously developed epidemiological study conducted in preschool and 
schoolchildren in the same four municipalities, where 42% in each group were 
classified outside normal nutritional status, no statistical significant association 
between this finding and the presence of fluorosis was found (Martignon et al., 
2016). Mapping the calcium/fluoride ratio may also need to be analyzed to further 
understand the use of water/salt-fluoridation for caries control (de Souza et al, 
2013). Taking into account the costs of the geological analyses, as there is a 
seasonal variation in the chemistry of water (Jayaprakash et al, 2008), a higher 
number of geological samplings during the year could also allow for more robust 
data.   
 
This study can be useful as a database for future assessments related to dental 
fluorosis presence in children whose teeth were in development at the moment of 
sampling of fluoride content in geological elements, water, and table salt. We 
recommend the implementation of a monitoring plan in these municipalities. The 
plan should consider the review and evaluation of different actions, plans and 
programs that have been or are to be implemented in the region. Furthermore, the 
focus of future studies should be on studies combining the daily ingestion of 
fluoridated table salt, oral hygiene habits, and the analysis of fluoride concentration 
in the diet, and geological factors, including fertilizers that are being used for 
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agricultural production within the area, and conduction of geological samplings in 
different seasons during the year.  
 
 
Conclusions 
 
Geochemical analysis in the municipalities of Pitalito, Altamira, El Agrado and 
Rivera in the department of Huila (Colombia) revealed no high fluoride 
concentrations. The concentration of fluoride in table salt was found to be under 
the inferior limit established by the Colombian regulations and in water intake it 
did not exceed recommended total dose. The fluoride content of these elements did 
not show association with the current prevalence of enamel fluorosis in preschool 
and schoolchildren. Further studies considering combining different direct and 
indirect fluoride intake sources are recomended.  
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